Introduction
Angioimmunoblastic T-cell lymphoma (AITL) is a distinct subtype of peripheral T cell lymphoma displaying autoimmune features and poor prognosis [1] [2] [3] . Unlike other tumors in which morbidity and mortality occur as a consequence of complications of tumor growth, AITL-associated mortality is thought to be a consequence of profound immune dysregulation 4, 5 . AITL disease outcome is poor, with an overall 7-year survival rate of 30% 3 , and patients usually do not respond well to cytotoxic chemotherapeutic treatment.
AITL is more common in elderly patients with a median age of 64 years 6 . Patients commonly present with lymphadenopathy, hepatosplenomegaly, skin rash, fever, haemolytic anemia and hypergammaglobulinemia 7, 8 . littermates were examined as controls.
Materials and Methods

Mice and tumor characterisation
Immunohistochemistry for mouse CD3ε, Pax5 and F4/80 was performed on formalin fixed, paraffin-embedded sections as follows: tissue sections were deparaffinized, rehydrated, and treated for antigen retrieval. After quenching of endogenous peroxidase and blocking in normal serum, tissues were incubated with primary antibody overnight at 4ºC, followed by incubation with biotinylated secondary antibody. Specific interactions were visualized using the Envision System (DAKO)
following the manufacturer's instructions. Slides were counterstained with hematoxylin, dehydrated, and mounted. Slide were visualized on a Leica DMD108 microsystem at 25°C and acquired with LAS-DMD 1.3.1 software (Lecia, Wetzlar, Germany).
Flow cytometry
Single cell suspensions of lymph nodes were prepared in FACS buffer (PBS/2% BSA/0.05% NaN 3 ) by sieving and gently pipetting through 70 μM nylon mesh filters.
After red blood cell lysis, 3 x 10 6 cells were incubated with each antibody or conjugate layer for 30-60 mins on ice. Samples were run on a FACSCalibur (BD Biosciences). Analysis was performed using FlowJo v.7.2.5 (Tree Star Inc.).
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B-and T-cell clonality studies
PCR was performed to analyze the clonal expansion of T and B cells 21 . DNA was extracted from paraffin sections and T-cell and B-cell clonal expansion detected by analysis of TCRβ, TCRγ and IgH gene rearrangement. TCR-β gene clonality was assayed at V-DJ and D-J rearrangements in 5 different PCR reactions:"Vβ-Jβ1", Vβ-Jβ2", dβ1-Jβ1", Dβ2-Jβ2" as previously described 22 . The TCR-γ gene clonality was assayed at V-J rearrangements in 1 PCR:"Vγ4-Jγ1 using Vγ4 and Jγ1 consensus primers previously described by Kawamoto et al 23 . In order to assess lymph node pathology in Roquin san/+ mice, groups of mice were sacrificed at monthly intervals from 4 months of age. All the major lymph nodes, including cervical, axillary, brachial, and inguinal nodes, were examined. None of the Roquin san/+ mice developed the generalised symmetrical lymph node enlargement that is observed in 100% of Roquin san/san mice by 8 weeks of age. Instead, 53% of mice (100 of 188 mice studied) developed one to four enlarged lymph nodes, whilst other lymph nodes remained normal ( Figure 2A ; Table 1 ). This lymphadenopathy was not lethal, with affected mice able to be aged to >1 year (data not shown). From here on, these enlarged lymph nodes are referred to as tumor lymph nodes.
Cellularity was increased by 50-150-fold in tumor lymph nodes. Generally, a tumor lymph node consisted of 5.0 x 10 7 -1.5 x 10 8 cells whilst the normal lymph node in the same mouse or in Roquin san/+ mice without tumors consisted of approximately 1.0
x 10 6 cells (data not shown). The prevalence of tumors was 1.6 times higher in female mice (65%) than in male mice (41%) (p = 0.001) regardless of age (Table 1 ). The gender distribution ratio for human AITL cases has been reported to be 1:1 25, 26 .
Whilst the age of onset could not be accurately determined due to the tumors only being externally palpable once they had reached a considerable size, 4 of 11 mice (36%) investigated at 4 -5 months of age had already developed tumors, suggesting some tumors are likely to develop before 4 months of age.
In addition to lymphadenopathy, many AITL patients present with splenomegaly 7, 8 . Hypergammaglobulinemia is another frequent finding in AITL, with 50% of patients displaying increased IgG in the serum 3, 6 . Interestingly, although 4 month-old mice is prominent expansion of the FDC network 3, 7, 8, 27 , as determined by an absence of CD21 + dendritic cells in lymph node sections (data not shown). Together, this histological appearance is highly reminiscent of AITL.
Roquin
In contrast, histological examination of non-enlarged lymph nodes from tumorbearing Roquin san/+ mice revealed that nodal architecture was preserved ( Figure 3G ).
These lymph nodes displayed both primary and secondary follicles with reactive germinal centers as well as a marked increase of mature plasma cells in the interfollicular area ( Figure 3H ).
Analysis of tumor composition
In AITL, the neoplastic T cells account for only a small fraction of the lymphoid infiltrate and are admixed with a large number of reactive immune cell types including small lymphocytes, eosinophils, histiocytes, plasma cells and large B cells.
To quantify tumor composition, we enumerated T, B and myeloid cells subsets by flow-cytometry.
There was a significantly-increased proportion of B cells in tumor lymph nodes 
Tumors from Roquin san/+ mice exhibit T cell clonality
Expansion of one or several T cell clones is a common feature of AITL tumor development [28] [29] [30] . We examined clonality of both T and B cells in tumor lymph nodes by PCR amplification of TCRβ and IgH genes respectively. Clonal rearrangements were found in the TCRβ gene in 12/15 cases ( Table 2 ). In contrast, a clonal peak of the IgH gene was found in only one case (Table 2) . Five cases were also examined for clonal rearrangements in the TCRγ gene, however no PCR products were amplified (data not shown). (Table 3) .
Of particular interest, T FH cells also exhibited more clonality than CD4 + non-T FH cells from the same lymph nodes ( Figure 6B ; Table 3 ). Importantly, the clonal peaks detected in the T FH samples often (68%) comprised at least 5% of the total TCRβV repertoire and each sample had at least one clone that accounted for more than 10% of the repertoire, suggesting this clone is highly over-expressed. In contrast, in the non- Notably, AITL is characterized by a large histopathologic spectrum with three V1J2 D1J1 D2J2 D1J2 1406 C P P P P P 1407 C P P P P C 1413 P NA P P NA NA 1418 P P C P C P 1420 C P P P P P 1423 C P P P C P 1424 P P P P P P 3225 P C P P C P 860 NA NA C NA NA NA 39 C P C C NA P 83 P P NA NA NA P 820 P P C P P P 821 C P P P P P 824 P C P P P P 5593 C P C C NA NA C -clonal; P -polyclonal; NA -not amplified 
Tables
# Numbers indicate the percentage of total TCR βV chain mRNA C-clonal; O-oligoclonal; P-polyclonal; NA -not amplified (mRNA product not detected); IN-inconclusive (mRNA detected, but CDR3 spectratyping inconclusive)
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